The course of "Applied Optics" is professional and foundational for the specialty of photo-electric information and engineering. According to the characteristics of the specialty, the teaching contents, teaching means, innovations and appraisal methods are mainly discussed in this paper. Firstly, one of the most difficult part to comprehend, the Fermat principle is taken as an example in the teaching content. By using the development history of optics and interesting natural phenomenon, students' understanding of the optical knowledge can be enhanced. Secondly, in various means of teaching art, ZEMAX provides students with a platform of training innovative consciousness and engineering capacity, and it make high cohesion in teaching and scientific research. Thirdly, in the teaching innovation, photoelectric contest can stimulate students' innovative thinking, innovation awareness, and cultivate undergraduate students' optics, mechanics, electricity, numerology integrated design capabilities. Lastly, the reform in the appraisal methods guide students from focusing on the examination results to pay attention to the learning process. Eventually, students' study interest has improved, demand of the engineering practice has adapted, and the well teaching effect has realized.
1． INTRODUCTION
There have been many calls for the reform of the course of the Applied Optics. Although the development of China's optics can be traced back to 3000 years ago, and history books have recorded why people can see, the connection between seeing things and the light is studied. But until 1952 the university began to systematically learn the knowledge of optics firstly, when the establishment of Specialty of Optical Instrument of Zhejiang University for the first time in china. Since then, the opt-electric information science and engineering specialty of other colleges and universities have been successive established.
Applied Optics, the professional course, was opened for the first batch of Zhejiang University optical instrument professional students, in optical professional learning. In Hefei University of Technology, the applied optics, not only the professional required course of the "opt-electric information science and engineering specialty" and the "Measuring and controlling technology and instrument specialty", but also one of the most important courses in the discipline of optical engineering. It is not only the prerequisite course of the subsequent courses, but also can constitute a relatively complete optical system of theory to practice with physical optics, image quality evaluation technology, optical experiment, the optical design course. Applied optics teaching not only laid the foundation for the follow-up professional courses, but also try to develop students' critical thinking and problem-solving ability [1] [2] . For such an important professional basic course, we need to constantly explore and study the application of optical teaching content and teaching methods, and continuously improve the teaching effect and teaching quality, so as to achieve teaching objectives, improve students' innovative ability.
2． PROBLEM ON THE COURSE OF TEACHING
In our school, the course of "applied optics" is opened in the first semester of the second year, the credits are 4 credits, and the class times are 48 hours. At the time, students are busy with the theoretical knowledge learning of basic courses (such as Mathematics, English), and learning "applied optics" is the first contact between students and professional basic courses. Students are more attentive and curious about this course. As a result of high school physics discipline adjustment in these years, students known very little knowledge of optics, i.e., they almost complete lack of related knowledge, and they also very unfamiliar with optical engineering problems. Therefore, the choice of teaching content, teaching methods, innovations and teaching methods must be first considered by teachers.
Because students know little about optical knowledge, while the "applied optics" contains a lot of content, there are many hard nuts to crack during the teaching of theoretical knowledge such as the combination of the speculative knowledge with practical application, the concepts which defined strictly and abstract, lots of symbol, difficult to remember, various formulae, easy confusion and mistakes in the application. The above leading to the students generally feel difficult to learn this course. In order to solve these problems, we try to raise students' interest in teaching content through interesting questions, emphasize visualization, promote students' cognition, emphasize self-exploration and practice, and improve students' awareness [3] [4] [5] . We through the above several aspects of the reform and experiment to improve students' learning enthusiasm and the teaching effect of applied optics
3． CONTENT OF COURSES
Currently in optical teaching, some teachers mainly instill the textbook content of textbooks, and teach the contents literally, boring aspects and tedious formulae make students feel boring even tired in class. Students feel the optics lack of charm, and then the excitation and cultivation of interests are hampered. Therefore, in the teaching process, we must first mobilize the students' interest in the course, so that students have a strong thirst for knowledge. In the classroom, if we can bring in interesting issues according the specific content of the teaching to attract students' interest and attention of students, the analytical thinking, creativity and problem solving skills of all students will be stimulated.
We come from the following two aspects of the introduction of the problem.
The development history of optics
The development of optics has a long history, for example, the "Yangsui(bronze mirror placed in the sun to generate enough heat to ignite dry grass)" was invented more than 3000 years ago by the greater China with the most ancient civilization. The earliest optical device---"Yangsui", which used to focus the sun light to make a fire, is a concave mirror which made by bronze ware. In China the study of optics can dates back to ancient time. Early in the Warring States period, the reason why we can see things mentioned in the history books, "fire light eye", that is the eye can sees all things because the existence of light. But in the whole stage of optics research in China, systematic research in this field is lack, just the record of actual events, i.e., the observation and recording, and the principle behind it is rarely explored. So, it is a pity that the systemic research and development optical haven't developed in China.
Nowadays, with the fast development and wide application of optical technology, the optics theory have been continuously improved, optical knowledge is still in research up to now. The power of human wisdom is awe-inspiring as the long and tortuous process. The essence of light is the most compelling argument in the history of optics. What is the nature of light? Particles or waves? The arguments have lasted for thousands of years which from the scientific revolution era until the 20th century. During that period, a variety of views flourishing, the argument between the debates is war clouds, flames everywhere, and the whole process ups and downs, full of suspense. Until the 20th century view was finally unified: light is both particle and wave. This history of arguments on the light essence can arousing students' interest, attracting the attention of students, and promoting students' thinking. On the other hand, such as the ether medium occupies more than two thousand years in the history of optical. In more than two centuries people have considered the ether is real, whether the great scientists Kepler or the great scientists Maxwell believes the ether exists.
Until 1881, with the help of the velocity of light measuring experiments by Michelson, the inexistence of the ether was proved. In addition, the theory that light is particle which proposed by greatest scientist Newton has been proved to be wrong. So we can encourage students to think, to look at scientific knowledge with a critical eye, to believe only rely on their own logical thinking and the experiment, and don't superstitious in academic authority by the optical history.
In the next place, some of the course contents are extremely hard to understand, for example, the "Fermat principle".
Fermat principle is the following: a ray going in a certain particular path has the property that if we make a small change (say a one percent shift) in the ray in any manner whatever, say in the location at which it comes to the mirror, or the shape of the curve, or anything, there will be no first-order change in the time; there will be only a second-order change in the time. In other words, the principle is that light takes a path such that there are many other paths nearby which take almost exactly the same time. In many cases the Fermat principle is expressed as the least time principle. The following is another difficulty with the principle of least time. With Snell's theory we can "understand" light. Light goes along, it sees a surface, and it bends because it does something at the surface. The idea of causality, that it goes from one point to another, and another, and so on, is easy to understand. But the principle of least time is a completely different philosophical principle about the way nature works. Instead of saying it is a causal thing, that when we do one thing, something else happens, and so on, it says this: we set up the situation, and light decides which is the shortest time, or the extreme one, and choose that path. But what does it do, how does it find out? Does it smell the nearby paths, and check them against each other? By using optical development history, perhaps the easiest way to understand the principle.
Although geometrical optics is just an approximation, it is of very great importance technically and of great interest historically. We shall present this course more historically than some of the others in order to give some idea of the development of a physical theory of physical idea. Now let us study the behavior of light when it hits various materials. The simplest object is a mirror, and the law for a mirror is that when the light hits the mirror, it does not continue in a straight line, but bounces off the mirror into a new straight line, which changes when we change the inclination of the mirror. The question for the ancients was, what is the relation between the two angles involved? This is a very simple relation, discovered long ago. That is a simple enough proposition, but a more difficult problem is encountered when light goes from one medium into another, for example from air into water; here also, we see that it does not go in a straight line. This also puzzled the ancients for a long time, and here they never found the answer! It is, however, one of the few places in all of Greek physics that one may find any experimental results listed. This, then, is one of the important steps in the development of physical law: first we observe an effect, then we measure it and list it in a table; then we try to find the rule by which one thing can be connected with another. The experimental data was made in 140 A.D., but it was not until 1621 that Willebrord Snell finally found the rule connecting the two angles, the Snell's law. Now in the further development of science, we want more than just a formula. First we have an observation, then we have numbers that we measure, then we have a law which summarizes all the numbers. But the real glory of science is that we can find a way of thinking such that the law is evident. The first way of thinking that made the law about the behavior of light evident was discovered by Fermat in about 1650, and it is called Fermat's principle. Next we will first show that this is true for the case of the mirror, that this simple principle contains both the law of straight-line propagation and the law for the mirror, and then show that this is true for refraction. Review of history and expectation of the future make it easy to understand the principle, and provides an illustration to help students understand this relationship. This history can arousing students' interest, attracting the attention of students, and promoting students' thinking.
Interesting natural phenomenon
Light, actually is a very familiar concept for everyone. If there is no light we can't see this colorful world. Furthermore, optical knowledge is widely applied in the daily life, science and engineering project. The interesting phenomenon, unique phenomenon and novel natural phenomenon could be proposed before the relevant chapters as questions. We could take advantage of the student's curiosity to stimulate their learning interest. Many classical Chinese poetry were created according by the optical characteristics. So the well-known poems can be used to inspire the student's creative thinking when they study the basic principle of light. And also, does the causes of the beautiful rainbow and the multicolored soap bubbles in the daily life the same? Furthermore, the scattering theory is another example, the question of "why the sky is blue?" can be mentioned, and the cause of the blue sky can be proved by experiments in science classes.
4． TEACHING MEANS -ZEMAX
Although multimedia instruction is now popularized, which we can display animation and video to students. But after several years of "Applied Optics" course teaching, it has been found that in addition to the blackboard and chalk, the sketches and multimedia instruction are still have many deficiencies [6] [7] [8] . For example, because of "Applied Optics" containing many abstract mathematic principles and giving emphasis to experiments at the same time, so it is a typical major course which integrates theory with practice. We should focus on demonstration, experiment, on-site observation, optical design software simulation and other intuitive teaching methods to enable students thinking and exploring in an intuitive, image-simulated environment. However, it is well known that the conditions required for the optical experiment are very high, and the experimental phenomena can be summed up in a weak, refined, and tiny way. And due to constraints in the classroom it will be difficult to demonstrate or exhibit correct results. These traditional teaching methods are very mature, but it also shows a relatively backward. This creates a mismatch in optical theory and experiment on teaching time and space, and it has been very significantly affect the application of the optical effect of teaching. Teaching methods is urgently needed improvements.
That is a good solution, the teaching examples and simulation experiments can be carried out by using ZEMAX.
You can program the optical path, the optical element, the optical system even optical instruments in a three-dimensional entity accurately build out. Compared to the two-dimensional diagram which used in the traditional teaching, these examples of construction greatly improve the accuracy, which even to achieve optical accuracy. And coupled with a high degree of visualization and precision accuracy ZEMAX can ensure the effect of virtual simulation and greatly enhance the teaching efficiency.
Such as very abstract and difficult to understand the content -aberration, the use of ZEMAX make the teaching is more intuitive and easy to understand. ZEMAX allows us not only to directly see the intersection of the real light and the optical axis, and also to see the distribution of diffuse circles through the focus by using through focus spot diagrams, as shown in Figure 1 . At the same time Figure 1 can also prove that the paraxial focus position (Gaussian image plane) is not the smallest diffusion circle position. When learning coma aberration, at first we use the former part of the spherical aberration for spherical aberration correction, then using the aspheric surface to make the perfect point on the shaft imaging, and further increase an extra-axial object point. Finally, we use the spot analysis to let the students understand the coma, as shown in Figure 2 . At last, as a professional software in the field of optical engineering, ZEMAX is widely applied in scientific research, production work. Furthermore, ZEMAX also provides a platform to cultivate innovative awareness and exercise engineering capabilities, and making the learned knowledge could be applied in optical systems, optical instruments and even optoelectronic devices. So that teaching, scientific research fully convergence, to meet the needs of engineering practice.
5． COURSE INNOVATION -BASED ON THE PHOTOELECTRIC CONTEST
Modern optical imaging systems include lighting sources, lenses, cameras, and image processing. In teaching, one of the very important part--How to apply optical optics to connect with the follow-up courses, highlighting the important role of lens design in system performance, and further increase the practicality of the course, interesting, is a very worthwhile thing to think about. In the application of optical design, the concept of aberration is more abstract and obscure, and the correction and optimization of aberration is the fundamental starting point and ultimate goal of design. If students do not understand the impact of aberrations on the system during the learning process, they will not accept the meaning of the application of optical design. Based on the above, the National College Students optoelectronic design competition has done a good exploration. Starting from the fifth competition, the design of the photoelectric imaging system has become a fixed topic, guiding students to establish the concept of the optical system, understand the various aspects of the important role in imaging. The fifth national photoelectric design contest -"single lens to build the best imaging system", students must make light source design, image processing to improve the image quality and resolution.
In undergraduate teaching, teachers can arrange a practical design process---using different image quality lens design to build an imaging system, so that students will be more intuitive understanding of the lens design on the imaging performance. This can motivate students initiative of learning, enthusiasm and creativity, and can stimulate students' innovative thinking and innovation awareness, and promote the development of undergraduate students' optics, mechanics, electricity, numerology integrated design, development and practical ability.
6． ASSESSMENT METHOD
To evaluate students in a comprehensive and scientific way, the evaluation methods and standards of the school record have to be diversified, and the learning ability, practical ability and innovation ability are the most important indicators have learned, what ability the students have, the evaluation changes from the assessment of record to the learning results of students. The change will guide students from the focus on examination results to focus on learning process, the learning initiative will be improved.
7． CONCLUSION
This paper explores the teaching contents, teaching means, innovation and appraisal methods of "Applied Optics" course.
The results show that the students' interest in learning are excited, the students' initiative and enthusiasm are improved, classroom climate is also improved. The number of students who are late is reduced. Students are willing to ask questions and say more ideas, more and more students take the initiative to participate in some research activities. The focus of the lectures is to develop students' ability which use knowledge analysis to solve the problem, rather than the formula. So that students learn the specific knowledge, and the use of knowledge at the same time. Furthermore, the students' innovative ability and scientific quality are improved.
